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(54) METHOD FOR PRODUCING WATER-SOLUBLE POLYMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a copolymer with a water- 
soluble monomer having acryloyi group and a water-soluble monomer having a methacryloyi 
group which has a high molecular weight, good solubility and utility as a polymer coagulant 
having a small insoluble part and remaining monomer content. 

SOLUTION: In the method for producing a water-soluble polymer by polymerizing the water- 
soluble monomer having acryloyi group, the water-soluble monomer having a methacryloyi 
group, if necessary, a monomer mixture comprising a vinyl based monomer other than the above 
monomer and an aqueous solution which contains an azo based photopolymerization initilttor < 
90° C temperature of half-life of 10 hours with light irradiation, after the light irradiation in the 
first process, light irradiation is further performed at a light irradiation intensity of five times or 
more of that in the first process at a reaction ratio of all monomer <95% and a specified 
reaction ratio. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A water soluble monomer which has an acrylyl group, It is the method of manufacturing 
a water-soluble polymer when a monomeric mixture and 10 hour half life period temperature 
which consist of vinyl system monomers other than these [ a water soluble monomer and if 
needed ] of having a methacryloyi group carry out an optical exposure and polymerize solution 
containing an azo photopolymerization initiator 90 ** or less, After carrying out an optical 
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exposure in the 1st' step, conversion of a total monomer is 95% or less further, and it is following 
formula (1):a<=Y<=b (1). 

(Y is the conversion (mo! %) of a total monomer among a formula, and it is a and b, and 
a=2.1 0x1 Q-'^mM.eSxl 0"^m2+3.54m-1 5.0 (2).) 
b=2.10x10"'^mM.65x10"^m2+3.26m+21.0 (3) 

come out, and are and m is shown comparatively (mol %) in a total monomer mixture of a water 
soluble monomer which has a methacryloyi group — within the limits of 5-60 ~ it is — in the 
conversion Y of a total monomer shown, A manufacturing method of a water-soluble polymer 
performing the 2nd-step optical exposure with optical irradiation intensity of 5 times or more of 
optical irradiation intensity of the 1st step. 

[Claim 2]A manufacturing method of the water— soluble polymer according to claim 1 which 
performs an optical exposure after the 2nd-step optical exposure with optical irradiation 
intensity stronger than optical irradiation intensity of the 2nd [ further ] step. 
[Claim 3]A manufacturing method of the water-soluble polymer according to claim 1 or 2 whose 
water soluble monomer which has an acrylyl group is acrylamide. 

[Claim 4]A manufacturing method of Claim 1 whose water soluble monomer which has a 
methacryloyi group is the 3rd class salt or the 4th class salt of dialkylamino alkyi methacrylate - 
a water-soluble polymer given in any 1 paragraph of Claim 3. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of manufacturing a water-soluble 
polymer, in more detail about the manufacturing method of a water-soluble polymer by 
polymerizing the solution of the vinyl system monomer containing a photoinitiator in an optical 
exposure. According to the manufacturing method of this invention, in the amount of Polymer 
Division, it has good solubility and the water-soluble suitable polymer for the use of a polymer 
coagulant etc. can be manufactured. 
10002] 

[Description of the Prior Art]For example in a range wide as a polymer coagulant etc. of fields, 
the water-soluble polymer obtained by polymerizing the acrylic water soluble monomer which has 
an acrylyl group and a methacryloyi group (meta) is used industrially. Such a water-soluble 
polymer is generally manufactured by aqueous polymerization. This (meta) acrylic water solubility 
polymer is manufactured by the method of making it polymerize using a free radical generating 
initiator, or polymerizing by optical exposure. 
[0003] 

[Problem(s) to be Solved by the Invention]By the way, the water soluble monomer which has an 
acrylyl group (CHp=CHCO-). The water soluble monomer which has (it is only hereafter called an 
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acrylic monomer) and a methacryloyi group (CH2=C(CH3) CO-). (It is only hereafter called an 

methacrylic system monomer) When it is going to carry out copolymerization, the reactivity of 
these monomers has a difference and, specifically, acrylamide has the feature that a reaction 
seldom advances in the early stages of a reaction, but a reaction advances rapidly after a certain 
time progress. On the other hand, the reaction of the methyl-chloride addition of 
dimethylaminoethyl methacrylate advances slowly from the early stages of a reaction. Therefore, 
in manufacturing such a copolymer, insoluble content occurs in the polymer produced by 
originating in the reactant difference of the monomer to be used. In order that the problem of 
generating of insoluble content may be remarkable and may control this in the polymerization 
method especially by optical exposure, although the method of polymerizing in two steps or three 
steps is known for different optical exposure conditions (for example, JP,H7-10895,B.) Referring 
to JP,H4-57682,B and this method of control of insoluble content are also insufficient, and it 
was almost ineffective in manufacture of a polymer with few copolymerization ratios of a 
METAKURI system mononier in particular. In addition to reduction of insoluble content, it is the 
amount of Polymer Division, and it is required for a water soluble monomer that there are also 
few residual monomer contents. 

[0004]Therefore. the purpose of this invention is the amount of Polymer Division, have good 
solubility, and with few insoluble content and residual monomer contents. It is in providing the 
method that a copolymer with the water soluble monomer which has a water soluble monomer 
which has an acrylyl group useful as a polymer coagulant, and a methacryloyi group can be 
manufactured. 
[0005] 

[Means for Solving the ProblemjA water soluble monomer which has an acrylyl group if this 
invention is followed, It is the method of manufacturing a water-soluble polymer when a 
monomeric mixture and 10 hour half life period temperature which consist of vinyl system 
monomers other than these [ a water soluble monomer and if needed ] of having a methacryloyi 
group carry out an optical exposure and polymerize solution containing an azo 
photopolymerization initiator 90 ** or less, After carrying out an optical exposure in the 1st step, 
conversion of a total monomer is 95% or less further, and it is following formula (1):a<=Y<=b (1). 
(Y is the conversion (mo! %) of a total monomer among a formula, and a and b are a=2.10x10~ 
^mM.65xl 0"2m2+3.54m-1 5.0 (2).) 
b=2.1 0x1 O^'^mM.eSxl 0"^m2+3.26m+21 .0 (3) 

come out, and are and m is shown comparatively (mol %) in a total monomer mixture of a water 
soluble monomer which has a methacryloyi group — within the limits of 5-60 — ■ it is — in the 
conversion Y of a total monomer shown, A method of manufacturing a water-soluble polymer is 
provided by performing the 2nd-step optical exposure with optical irradiation intensity of 5 times 
or more of optical irradiation intensity of the 1st step. 

[0006]In this Description, acrylamide or methacrylamide may be called acrylamide (meta), 
acrylate or methacrylate may be called acrylate (meta). and acrylic acid or methacrylic acid may 
be called acrylic acid (meta). 
[0007] 

[Embodiment of the Invention]In the method of manufacturing acrylamide and copolymers, such 
as a methacrylate system monomer, whose control of insoluble content was not fully completed 
conventionally by ultraviolet-rays (UV) polymerization if this invention is followed, By irradiating 
with light by two or more steps of intensity under the above specific conditions, the high- 
polymer polymer which controlled the insoluble content in the polymer obtained and was 
excellent in solubility can be obtained. According to this invention, in the specific conversion 
before a monomer polymerizes thoroughly, it succeeds in preventing generating of insoluble 
content by enlarging optical irradiation intensity. 

[0008]As the acrylic monomer which can be used in this invention, and a methacryloyi system 
monomer, the arbitrary water soluble monomers which have an acrylyl group or a methacryloyi 
group can be used. Although it does not limit to these, specifically, (Meta) Acrylamide. and 
acrylamide [, such as N-methylol(metha)acrylamide, ] (meta-); — dialkylamino alkyi (meta-) 
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acrylate [, such as diethylaminoethyl (meta-) acrylate ]; — the hydrochloride of dialkylamino 
alkyi (nrieta-) acrylate. And the 3rd class salts, such as sulfate; Dialkylamino alkyl. (meta-) 4th 
class salt [, such as aryl halide additions, such as alkyl halide additions, such as a methyl- 
chloride addition of acrylate. and a benzyl chloride addition, ]; — dialkyi (meta-) acrylamide [, 
such as N,N-dimethyl(meta-) acrylamide, ]; ~ a dialkyi acrylic. (Meta) The hydrochloride of 
amide, and 3rd class salt [, such as sulfate, ]; — 4th class salt [, such as aryl halide additions, 
such as alkyl halide additions, such as a methyKchloride addition of dialkyi (meta-) acrylamide, 
and a benzyl chloride addition, ]; — hydroxyethyl (meta-) acrylate. And hydroxypropyl. (Meta) 
HydroxyalkyI, such as acrylate. (Meta) Acrylate; (meta) Acrylamide (meta) alkyl alkane sulfonic 
acid and **, such as alkali metal salt, such as acrylic acid and this sodium salt, or ammonium 
salt;, and (meta) acrylamide 2-methylpropanesulfonic acid. ** alkali metal salt or ammonium salt 
is mentioned. 

[0009]As an acrylic monomer used in this invention, acrylamide is preferred also in the above- 
mentioned monomer. As an methacrylic system monomer, the 3rd class salt or the 4th class salt 
of dialkylamino alkyl methacrylate is preferred. These can be used as independent or arbitrary 
mixtures. 

[0010]If an acrylic monomer and an methacrylic system monomer carry out comparatively, it is 
preferred that there is an methacrylic system monomer at 5-60-mol % on the basis of the 
number of sum total mols of an acrylic monomer and an methacrylic system monomer, and it is 
5-35-mol % more preferably. 

[001 1]In this invention, other vinyl system monomers can be used together to an acrylic 
monomer and an methacrylic system monomer if needed. As other vinyl system monomers, it is 
usable in both a water-soluble vinyl system monomer and a nonaqueous solubility vinyl system 
monomer. Dialkyi diarylammonium salt, such as dimethyldiaryl ammoniumchloride, etc. are 
mentioned as a water-soluble vinyl system monomer. As a nonaqueous solubility vinyl system 
monomer, alkyl (meta) acrylate [, such as acrylonitrile (meta); methyl (meta) acrylate, ethyl 
(meta) acrylate, and propyl (meta) acrylate, ];. styrene, etc. are mentioned. As for the vinyl 
system monomer of these others, it is preferred to use it at less than JO mol % on the basis of 
the number of sum total mols of a total monomer. 

[0012]From points, such as the handling nature etc. of a smooth advance of photopolymerization, 
and the water-soluble polymer obtained, as for the concentration of the monomer in a monomer 
aqueous solution, 20 to 90 % of the weight is preferred, and it is 25 to 80 % of the weight more 
preferably. 

[001 3] 10 hour half life period temperature is a thing 90 ** or less, and the azo 
photopolymerization initiator used in this invention is a 40-70 ** thing preferably. In this 
invention, the ullage of a monomer can be reduced by using the azo photopolymerization initiator 
concerned. As such an azo photopolymerization initiator, it is 2,2 -azobis (2-aminodipropane) 
hydrochloride, 4,4'-azobis (4"cyanovaleric acid), 2, and 2 -azobis, for example. [N-(2- 
carboxyethyl)-2-methylpropionamidin] The dimethyl 2. 2'-azobisisobutyrate, 2,2'-azobis 
isobutyronitrile, 2,2 -azobis (2,4-dimethylvaleronitrile), 2,2'-azobis (2-methylbutyronitrile). 1,1'- 
azobis (cyclohexane-1-carbonitrile), and 2,2'-azobis {2-methyl- N - [2- (1-hydroxybutyl)] 
Propionamide}, 2, and 2'-azobis [The 2-methyl- N -(2-hydroxyethyl)- propionamide] 2 and 2 - 
azobis [2-(5-methyl-2-imidazoline 2-yl) propane] Hydrochloride, 2, and 2'-azobis [2-(2- 
imidazoline 2-yl) propane] Hydrochloride, 2, and 2'-azobis [2-(2-imidazoline 2-yl) propane] 
Sulfate, 2, and 2'-azobis [2-(3,4,5,6-tetrahydro pyrimidine-2-yl) propane] A hydrochloride, 2, 2 - 
azobis {2 - [1-(2-hydroxyethyl)-2-imidazoiine 2-yl] Propane] hydrochloride, 2, and 2'-azobis [2- 
(2-imidazoline 2-yl) propane] ** can be mentioned. 

[0014]Also in these, it is 2,2 -azobis (2-aminodipropane) hydrochloride, 4.4 -azobis (4- 
cyanovaleric acid) and 2, and 2'-azobis. Use of [N-(2-carboxyethyl)-2-methylpropionamidin] is 
preferred. In this invention, two or more sorts of said azo photopolymerization initiator can be 
used together. 

[0015]It is preferred that it is 100-10,000 ppm to monomer full weight as amount of the azo 
photopolymerization initiator used, and it is 500-2,000 ppm especially preferably 200-5,000 ppm 
more preferably. 
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[0016]In this invention, if needed, it is a range which does not spoil the purpose of this invention, 
and other photopolymerization initiators and photosensitizers can be used together to an azo 
photopolymerization initiator. As the photopolymerization initiator concerned, 
photopolymerization initiators, such as a benzophenone series, a benzoin system, a benzoin alky! 
ether system, an acetophenone series, and an acyl phosphine oxide system, can be mentioned. 
As a photosensitizer, amine system photosensitizers, such as triethanolamine and 
diethanolamine, etc. can be mentioned. 

[0017]If the compound which has annular alkanol structures, such as 1-benzoyl-1- 
hydroxycyclohexane, with an azo photopolymerization initiator is especially used together as a 
photopolymerization initiator, the content of an unreacted monomer can be reduced and, 
moreover, a water-soluble, water-soluble high polymer can be manufactured by high 
polymerization. As amount of the compound used which has annular alkanol structure, 0.5 to 30 
% of the weight is preferred to an azo photopolymerization initiator. 

[0018]Other ingredients, such as a regulator, a water-soluble organic solvent, and a surface- 
active agent, can be blended in the range which does not spoil the purpose of this invention if 
needed. 

[0019]In this invention, an optical exposure is carried out in three or more steps the 1st step, 
the 2nd step, and if needed, and a monomer is polymerized. As a light with which it irradiates, the 
1st step, the 2nd step, and all after it can use ultraviolet rays and/or visible light, and especially 
use of ultraviolet rays is preferred. As a light source.- if photopolymerization of the monomer can 
be carried out, various things will be possible, for example, a fluorescence chemical lamp, a 
fluorescence blue lamp, a metal halide lamp, a high-pressure mercury lamp. etc. will be 
mentioned. 

[0020]In this invention, said monomer aqueous solution is irradiated first in the 1 st step. As 
optical irradiation intensity in this case, 0.5 - 7 W/m^ is preferred, is 1-7W/m^ more preferably, 
and is 2-6W/ m^ especially preferably. When less than 0.5 W/m^, polymerizing of a monomer may 
be unable to become insufficient, or variation may be produced in a degree of polymerization in 
the upper part and the lower part of a monomer aqueous solution, it may stop being able to 
obtain the polymer of uniform physical properties, and the content of the unreacted monomer in 
the polymer obtained eventually may increase. On the other hand, if 7 W/m^ is exceeded, the 
polymer of the amount of Polymer Division may not no longer be obtained. 

[0021]What is necessary is just to set up irradiation time suitably with monomer concentration, 
or composition ratio and the degree of polymerization of the polymer made profitably like, and it 
is 5 to 100 minutes preferably. 

[0022]Next, in [ according to this invention ] less than 95 mol % and the conversion Y with which 
it is 20-80-mol % preferably, and is satisfied of said formula (1) the conversion of the total 
monomer after the 1st-step optical exposure, A water-soluble desired polymer can be obtained 
for optical irradiation intensity Ist-step by glaring by one 5 to 25 times the optical dose of this 
preferably 5 or more times. In this invention, when a monomer makes irradiation intensity 5 or 
more times at this appearance in the specific conversion Y which has not polymerized 
thoroughly, generating of insoluble content can be controlled. If this conversion exceeds 95-mol 
%, generating of insoluble content cannot be controlled. 

[0023]Said conversion Y can be searched for by measuring the temperature of the central part 
of a polymer in actual operation. That is, between central temperature [ of the polymer in a 
certain conversion Y ] T (Y). initial temperature Tq of a monomer aqueous solution, and 

maximum-temperature of the central part of a polymer, conversion can be known by realizing 

the relation of the following formulas (4) and monitoring the temperature of the central part of a 

polymer. 

[0024] 

T(Y)=To+Y(T^-To)/100(4) 

(First stage temperature (**) T,^ of Tq is a maximum temperature (**) which the central part of 
a polymer reaches among a formula, and T (Y) is an approximate value of the temperature (**) of 
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the central part of the polymer at the time of the conversion Y.) [ of a monomer aqueous 
solution ] 

[0025]As optical irradiation intensity in the 2nd step, as long as it is 5 or more times of the 1st 
step, arbitrary optical irradiation intensity may be sufficient, but 5-1 50W[/m ] ^ is preferred, and 
is 10-100W/m^ more preferably. When less than 5 W/m^, polymerizing of a monomer may be 
unable to become insufficient, or variation may be produced in a degree of polymerization in the 
upper part and the lower part of a monomer aqueous solution, it may stop being able to obtain 
the polymer of uniform physical properties, and the content of the unreacted monomer in the 
polymer obtained eventually may increase. On the other hand, if 100 W/m^ is exceeded, the 
polymer of the amount of Polymer Division may not no longer be obtained. 

[0026]What is necessary is just to set up irradiation time suitably with monomer concentration, 
or composition ratio and the degree of polymerization of the polymer made profitably like, and it 
is 5 to 100 minutes preferably. 

[0027]In this invention, the 3rd more step or the optical exposure beyond it can be performed 
after the 2nd^step optical exposure if needed. It can reduce the amount of residual monomers 

by short-time optical exposure, and also since it can make a polymer the amount of Polymer 
Division that it is intensity stronger than the 2nd step as optical irradiation intensity in this case, 

it is preferred. Specifically, more than the twice of the 2nd step are preferred. 10 - 10,000 W/m 
is preferred, and, specifically, is 30-3,000W/m^ more preferably. What is necessary is just to set 
up irradiation time suitably according to the purpose, and it is 1 to 60 minutes preferably. 
[0028]Since light reaches to a solution pars basilaris ossis occipitalis and a polymerization is 
smoothly performed by the whole solution as the depth of a monomer aqueous solution, 100 mm 
or less is preferred and 20-60 mm is more preferred. According to the method by this invention, 
even if the depth of a monomer aqueous solution is not less than 50 mm, a polymerization 
advances smoothly in the whole solution and the water-soluble polymer of the amount of 
Polymer Division made into the purpose can be obtained efficiently. 

[0029]Although a batch type or continuous system can also perform the manufacturing method 
of this invention, since it excels in productivity, it is preferred to adopt a continuation 
polymerization method. The method of using the device which serves as a continuation belt 
which has the liquid pool part which various methods were adopted and was. installed in the 
airtight interior of a room from the light source fixed to the sealed-cabin upper part as a 
continuation polymerization method is preferred. 

[0030]From one side of a continuation belt, specifically, a monomer aqueous solution is 
continuously supplied so that the target depth may be maintained. In this case, it is preferred to 
supply inactive gas, such as nitrogen, to it continuously, in order to prevent polymerization 
inhibition of the monomer by oxygen in the airtight interior of a room. The belt concerned moves 
continuously with a monomer aqueous solution, and a monomer aqueous solution is supplied 
under the fixed light source. A monomer aqueous solution is polymerized by the light irradiated 
with the light source concerned. In this method, the section which fills a light source for the 
irradiation intensity of the 1st step, and the section which fills the 3rd step of irradiation 
intensity the irradiation intensity of the 2nd step and addition light volume, and if needed are 
provided and carried out. 

[0031 ]The polymer sheet obtained follows a conventional method, and it cuts, grinds and dries 

and it can be used as a powdered product. 

[0032] 

[Example]It cannot be overemphasized that it is not what limits this invention to these working 
example hereafter although working example of this invention is concretely described with a 
comparative example. 

[0033]At 850 g, full weight added distilled water to the 1 5 mol of fourth class-ized salt 
(henceforth DMC)% of monomeric mixture by the methyl chloride of comparative example 1 
acrylamide 85 mol % and dimethylaminoethyl methacrylate so that monomer concentration might 
be 38 % of the weight. After teaching this to cylindrical glassware (henceforth a reactor) 146 mm 
in inside diameter and adjusting pH to 4.0. keeping the temperature of solution at 5 **, nitrogen 
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bubbling was carried out for 30 minutes, and the solution of said monomer was obtained. The 
depth in the reactor at this time was 55 mm. Subsequently, l-benzoyl-l-hydroxycyclohexane 
10ppm as a photopolymerization initiator and 800 ppm of 2,2'-azobis (2-amidinopropane) 
hydrochlorides (10 hour half life period temperature = 56 **) are added by a weight reference to 
monomer purity to this monomer aqueous solution, Nitrogen bubbling was carried out for 2 more 
minutes. Then, the upper surface put the reactor into the polymerization room of the cube type 
(400mmx400mmx250mm) of a glass plate, and nitrogen gas replaced the atmosphere of the 
polymerization interior of a room. 

[0034]Next. the optical exposure was carried out for 50 minutes so that the irradiation intensity 
in the floor line of the polymerization interior of a room might become 2.8W[/m ] ^ from the 
upper part of a polymerization room, using three 10W chemical lamps (Toshiba Make, trade 
names "floor linelOBL". and only henceforth [ BL / floor linelO]) as the Ist-step optical 
exposure. Soon after starting the 1 st-step exposure, the temperature of a monomer aqueous 
solution begins to rise, a polymerization begins, and the temperature of the central part of 
polymer reaches and makes it the maximum temperature of 95 ** in 45 minutes. 
Temperature began to fall, without after that. 

At this time, conversion was 97%. Succeedingly, using 100W black light (Toshiba Make, trade 
names "H100BL", and only henceforth [ BL / HI 00]) as the 2nd-step exposure, it irradiated with 
this polymer for 30 minutes with the irradiation intensity of 80 W/m^, and the hydrous geHike 
polymer was obtained. The grinder ground and the powdered polymer was obtained, after 
shredding this hydrous gel in the lump with a particle diameter of about 3 mm and drying at 80 ** 
with hot air drying equipment subsequently for 5 hours. 

[0035]On the conditions of the working example 1 comoarative example 1. it reacted at 
conversion % of Y= 45.3 mol which satisifies 28.3 which is the range of this invention about the 
time of starting the 2nd-step exposure - 60.1 -mo! % by a formula (1). That is. the temperature of 
the central part of the polymer at the Y= 45.3-mol time of % was searched for by said formula 
(4). and was decided to be 46 **. 

[0036]Since the Ist-step exposure was started like the comparative example 1 and the 
temperature of the central part of polymer amounted to 46 ** 38 minutes afterward, After 
changing to 100W black light (H100BL) and glaring for 10 minutes with the irradiation intensity of 
28 W/m^ as the 2nd-step exposure, succeedingly as the 3rd-step exposure. The powdered 
polymer was obtained like the comparative example 1 except having glared for 30 minutes with 
the irradiation intensity of 80 W/m^. and having obtained the hydrous gel-like polymer using 
100W black light (H100BL). 

[0037] working example 2 and 3 and the comparative examples 2 and 3 — the powdered polymer 
was obtained like working example 1 except having made irradiation time of the temperature of 
the central part of polymer when changing to the exposure to the 2nd step and the 1st step, and 
the 1 St to 2nd step into the value shown in Table I. respectively. 

[0038] working example 4 — the 3rd-step exposure was not performed but the powdered 
polymer was obtained like working example 1 except having made the 2nd step of optical 
irradiation time into 90 minutes. 

[0039]The powdered polymer was obtained like working example 4 except having set comparative 
example 4 photopolvmerization initiator only to 1-benzoyl-1-hydroxycyclohexane 80ppm. 
[0040]Full weight added distilled water to comparative example 5 acrvlamide 75 mol % and 
DMC25 mol% of the monomeric mixture so that 850 g and monomer concentration might be 38 % 
of the weight. This was taught to the same reactor as the comparative example 1. and the 
solution of said monomer was obtained by the same method as the comparative example 1 
except keeping the temperature of solution at 10 **. The depth in the reactor at this time was 
55 mm. Subsequently, nitrogen bubbling of the 4.4-azobis (4-cyanovaleric acid) (10 hour half life 
period temperature = 69 **) 1200ppm as a photoinitiator was added and carried out to this 
monomer aqueous solution for 2 more minutes by the weight reference to monomer purity. Then, 
the reactor was put into the same polymerization room as the comparative example 1. and 
nitrogen gas replaced the atmosphere of the polymerization interior of a room. 
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[0041]Next, the optical exposure was carried out for 60 minutes so that the irradiation intensity 

in the floor line of the polymerization interior of a room might become 4.2 W/m^ from the upper 
part of a polymerization room, using four 10W chemical lamps (floor linelOBL) as the 1st-step 
optical exposure. Soon after starting the 1st-step exposure, the temperature of a monomer 
aqueous solution begins to rise, a polymerization begins, and the temperature of the central part 
of a polymer reaches and makes it the maximum temperature of 88 ** in 50 minutes. 
Then, temperature began to fall. 

At this time, conversion was 98%. Succeedingly, using 100W black light (HIOOBL) as the 2nd-step 

exposure, it irradiated with this polymer for 30 minutes with the irradiation intensity of 80 W/m . 
and the hydrous geHike polymer was obtained. This hydrous gel was dried and ground by the 
same method as the comparative example 1, and the powdered polymer was obtained. 
[0042]On the conditions of the working example 5 comparative example 5, the time of starting 
the 2nd-step exposure for which it asked by the formula (1) was reacted at Y= 64.7-mol % which 
is the conversion with which it is satisfied of the range 47.7 of this invention - 76.7-mol %. That 
is, by said formula (4), the temperature of the central part of the polymer at the Y= 64.7-mol 
time of % was searched for with 60 **. 

[0043]Since the Ist-step exposure was started like the comparative example 5 and the 
temperature of the central part of a polymer amounted to 60 ** 43 minutes afterward, After 
changing to 100W black light (HIOOBL) and glaring for 15 minutes with the irradiation intensity of 

28 W/m as the 2nd-step exposure, succeedingly as the 3rd-step exposure, The powdered 
polymer was obtained like the comparative example 5 except having glared for 30 minutes with 

the irradiation intensity of 80 W/m^, and having obtained the hydrous geHike polymer using 
100W black light (HIOOBL). 

[0044] Distilled water was added to the 40 mol of third class-ized salt (henceforth DMH)% of 
monomeric mixture by the chloride of comparative example 6 acrylamide 60 mol % and 
dimethylaminoethyl methacrylate so that it might become the full weight of 850 g, and 49 % of 
the weight of monomer concentration. This was taught to the same reactor as the comparative 
example 1, and the monomer aqueous solution was obtained by the same method as the 
comparative example 1 . At this time, the depth was 55 mm. Subsequently, nitrogen bubbling of 
900 ppm of the 2,2'-azobis (2-amidinopropane) hydrochlorides (10 hour half life period 
temperature = 56 **) as a photoinitiator was added and carried out to this monomer aqueous 
solution for 2 more minutes by the weight reference to monomer purity. Then, the reactor was 
put into the same polymerization room as the comparative example 1 , and nitrogen gas replaced 
the atmosphere of the polymerization interior of a room. 

[0045]Next, the optical exposure was carried out for 100 minutes so that the irradiation intensity 

in the floor line of the polymerization interior of a room might become 1.9 W/m^ from the upper 
part of a polymerization room, using three 10W chemical lamps (floor iinelOBL) as the 1st-step 
optical exposure. Soon after starting the Ist-step exposure, the temperature of a monomer 
aqueous solution begins to rise, a polymerization begins, and the temperature of the central part 
of a polymer reaches and makes it the maximum temperature of 88 ** in 85 minutes. 
Then, temperature began to fall. 

At this time, conversion was 98%. Succeedingly, using 100W black light (HIOOBL) as the 2nd-step 

exposure, it irradiated with this polymer for 30 minutes with the irradiation intensity of 80 W/m^, 
and the hydrous gel-like polymer was obtained. This hydrous gel was dried and ground by the 
same method as the comparative example 1, and the powdered polymer was obtained. 
[0046]On the conditions of the working example 6 comparative example 6, the time of starting 
the 2nd-step exposure was reacted by the formula (1) at Y= 82.6-mol % which is the conversion 
with which it is satisfied of the range 65.6 of this invention - 90.4-mol %. That is, by said formula 
(4), the temperature of the central part of the polymer at the Y= 82.6-mol time of % was 
searched for with 74 **. 

[0047]Since the 1st-step exposure was started like the comparative example 6 and the 
temperature of the central part of a polymer amounted to 74 ** 82 minutes afterward, After 
changing to 100W black light (HIOOBL) and glaring for 10 minutes with the irradiation intensity of 
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15 W/m as the 2nd-step exposure, succeedingly as the 3rd-step exposure, The powdered 
polymer was obtained like the comparative example 6 except having glared for 30 minutes with 

the irradiation intensity of 80 W/m^. and having obtained the hydrous gel-like polymer using 
100W black light (H100BL). 

[0048]The following physical properties were measured about the polymer obtained by working 
example 1-6 and the comparative examples" 1-6. The result is shown in table I- VI. In Table I, III, 
and V, after the central temperature of a polymer reaches a maximum temperature, it means 
having carried out the optical exposure after T^^. 

[0049] Salt viscosity each polymer was dissolved in the sodium chloride aqueous solution 4% of 
the weight 0.5% . the polymer solution of concentration was produced 0.5% of the weight, and the 
viscosity of 5 minutes after was measured on conditions (25 ** and 60 rpm) in the Brookfield 
viscometer. 

After having dissolved insoluble content each polymer in ion exchange water, producing 400 ml of 
polymer solutions of concentration 0.1% of the weight and filtering this solution whole quantity by 
the screen of 83 meshes at 20 cm in diameter, the non—melted objects which remained in the 
plus sieve were collected, and that capacity was measured. 

It extracted by adding amount of residual monomers each polymer 2.0g to 20 ml of the acetone / 
water mixed solvents of 80 / 20 capacity %, and neglecting it for 16 hours, or more. The 
supernatant liquid after extraction was extracted and the amount of residual monomers was 
measured with gas chromatography. 
[0050] 
[Table 1] 
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[0051] 
[Table 2] 
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[0052] 
[Table 3] 
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[0053] 



[Table 4] 














0.5%igttff 
(mPa • s) 


(ml) 






B 


65 


L 


0. 09 




B 


43 


80 


0. 10 



[0054] 
[Table 5] 
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[0055] 
[Table 6] 







0. 5%iBttK 
(nPa • s) 


(ml) 


(wt%) 




c 


41 




0. 05 




c 


22 


18 


0.06 



[0056] 

[Effect of the Invention]According to [ above passage ] the method of this invention, the 
polymer in which insoluble content and a residual monomer content were reduced can be 
manufactured effectively. 
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c(om^w=^3 o^raM*fL-r#*^';w©s^ft?:f# 
[0035] mmmi 

immi<D^lcin,>x. ^(1){CJ:«3. ^2I8@© 
M*f>2:S^f ^^.■=^.^*^BJ©S5iB-C*-5 2 8. 3~6 
0. 1 ^;U%=2:?^S-rSSirv^Y = 4 5. 3^;U%T-Jg 
)S*ID!teL//co fiP*., Y=4 5. 3*;l'%©it©*^ 
iB!)©4i'C^SP©SR5*B!fiBS; ( 4 ) ICJ: O^J^T. 4 6 'C 

[0 0 3 6 ] tmwi 1 ipi^itc ur^ 1 mm(Dmmim 

thO. 3 8 :a-f^tcm-&!^©tf 'i:^gP©S.S3&s 4 6 •C«:^ G 

tcfcify. m2&Lm<omMtox. i o owr^'-^fd^-^-f 

h (H 1 0 0 B L) iC^O^xr, 2 8W/m' ©M*f 

o^rsmmutc^k. ?i^«st^3isa©iEi4i 

b-C, 100W:;^5-;'i7'7-l'h (HlOOBL) 

8 0W/m' ©M*f?^g:-C3 O^PaMStLT^y 

;ut*c©*^fl:^sfc«^^»jte?fiai I tmmicLxi^^'m 

[0 0 3 7 ] ^ite^a 2 3 jfet>'tCj:b$gCT 2 SlU 3 
m 1 12S3!>^6ll2iSa'v©Mt*tC^09S^-2>il?©a-^ 

^©4i'i:^si5©as*3<t £>'ii 1 2 i5@©M*fB#pa 
^r-en-etxai cc^KL/cffliu/ctimJilifet^ii iimii 



(6) 

9 

10 0 3 8] mnm4 
[0 03 9] turn 4 

'N+-tf> 8 0 ppm (D^tutc^:JimtmMm4: tmmic b 

[0040] itmib 

7iPV)VTS.V'7 5 ^;l/%SO'DMC 2 5 ^)V%(Omm. 10 

«^^fc. ifeM*5 8 5 0 g . mmm^m^^s smm 

^) (10 mm^mu&= e 9 -c) 1 2 0 0 ppm ^rss 
Jn L . - s 6 (c 2 ^5'SM^/>' 7- 'J > i?' L -e-oft, sis 

[0 04 1] m 1 Sg©3fe.ffS*f i L-r , S^S© 
±:&3()^e. 1 0W^Zi3)Vz'>y (FL 1 0 BL) 4*?: 

i ^ ct ^ 6 0 :5>Fam^*t b /Co mi mm (omm^m . 

-^■ffi^mb. 5 0^«{C»S^tt:©tp,Gvgp©iaS*s^^ 

2l3S©M*fiLr. 1 0 0W:7'7 ^'■7-1' h (H 1 0 30 
OBL) ^rfflt^-C. 8 0W/m' ©M*t^ST'C©a^ 
ft* 3 0 ^3>raMI* L-r ^y;H^©S^JS:f§fc. C © 
$*^';u*i:b*5P!li iil^©:«rat?l2<i. t&j^tUTf&JS 
*^©S^ft*f#/Co 

[0 04 2] m^ms 

immo<D^mcis{,>x. ^ ( l ) {£:j:«3*&/c> m2 
m@©M*f*Mj!&-r -E.^,-#.**:^BJ©ffiffl 4 7. 7 ~ 7 
6 . 7 -BStC^-C* Y = 6 4 . 7 -tJU 

^-CiStS^&Hifeb/c. gp-^Y= 6 4. 7*;U%©it© 

m^i^ocf'C^gpoasnBlriss; ( 4 ) tcj; o . e o -ci 4o 
[004 3] tb^fjs tmmicbxmiSLB<omm^m 

^L. 4 3^ta^K:*^ft©4J'CNgi5©S]g*S6 0-CJC»L/ 
fc/cib, l|2lS;a©BSjhti LT, 1 0 OW:/^ 
h (H 10 OBL) JC^i9'#x.T, 2 8W/m' ©M*f 
5SS-C1 5:»raJfB*fL.fcft> ?l#i^#^3|gS©M«t<i: 
LT. 1 0 0W:/5 d^^-r h (H 1 0 0 BL) *ffll> 
T. 8 0W/m' ©MW^ST'S O^FbIBSML-C^^'J-' 

^^©s^ft^ff/cJi^miitii^Bis iisiiitc uT«&^t«c 

©a#fl:>&ff/c. 50 
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[0 044] ktmie 

^?i7 i; u- hoffi^iCi-SHilS'fb^ (Ji(T. DMHili 
•5) 4 0^:>»U%©#fift®^(C. :^M:8 5 0 g. m 

mmm 4 9 m&% t s j; ^ (c^s**»n;?./i:c c ti 

^ibmm 1 ii5i^©j5css(cf±ai^5^. J:i:««^ 1 tmmo 
ij-micj: K) mMWykw^=?:mc. c © i # mmit 5 5 mn 
r'^)o/c„ ^xt^-c. c©^«ft*^tc, mmwm^ic 
*fUT«ssmr> :)ferajt^?fi|iLr©2. 2' -rv^i^ 

;^ {2-T5i^y7'a^N->) (1 0B#F^^j^?a 

S= 5 6 'O 9 0 0 ppm *^JJD L . ? 6(C 2 :9■^^M3S^^• 
U > L/ fc. -g-©^. JgCCS* Jt«?{^ 1 t IIS©*-^ 

MiCXti-C, M^Srt©^Ha*^^:^-es^Lfco 

[0 04 5 ] i^tC. m 1 mSOytmmt LT . S^M© 
±.l3t)^h 1 0W^r.5;^,ji.5>7- (FL 1 OBL) 3*% 

fflt^T. m^m.n<om&-ca>mmm&iii i . 9 w/m' 
Lt£i>x ^ (c 1 0 0 ^f^^mmbfc. f$ 1 mmomM^ 

m-^t^mih 8 5 ^ft (c ttM^ft© ^^'.l:^gc©^as3!)5S 

ISSS8 8'CtcSL/> ^©^, 6ft^CCSS*i!T*iO*&J* 
fco C©<!:t, SfE^ttQ 8%t;*-^/c= 5I^Mt,^Tll 
2SB©Mftlib-C> 1 0 0W7'5 ^■3"(' h (H 1 0 
0BL)?:fflt,>r. 8 0W/m^ ©MS>f?SSTC:©M^ 
ft=S: 3 0 ^HMW LT$*yjH^©M^=l:f#/i:. C © 

[0 04 6] mmm6 

tmm6<D^iC:tS{,^X. ( 1) tCj:«3, 02m@© 

fm^mi^ti>m!^.^:^^m<Dmm e 5 . 6-90. 4 

^JL'%*ySS-r-£.Sl£«*-C&SY= 8 2. 6^}V%-VK 
Io?:SI)!flLfc, fip-feY=82. 6 ^>>l'%©<!: #©«^i^ 

©tf'iiNSi5©iae[»fffia^ (4){cj:»3. 74 'ci** 

/Co 

[0 047] i:bf50tl 6 tmmiCbZm 1 lg@©M*f?:Pfl 
L/ . 8 2 ^micm-^»<D4''C'>U<DUm.t^ 7 4 'CtC^ b 

fctcisb. m2mm<Dmi^bx. 1 oow:?'^-^i'^-r 

h (H 1 0 OBL) fc^'P#;iT, 1 5W/m^ ©M*f 
bX. 1 0 0W:7'-7 h (H 1 0 0 BL) 

r. 8ow/m^ (Dmm^mr'3 o^mmmbx^yk^ 
[0048] mmm i -6isj:zj^tmm i - e-rfi^ti 

/cS-^<*(C-^^ , Ji(T©!^tt«:i'J^L-/c<. ■?-©M*=&* 
I ^VlOC^-To 1^, ai, III , VCCtet^T. T, Jiift 

i « . m^ft©^''C^jafi*5a;iSfistciij^ u /c^^{c31^M 
mbfct\.>^M^x$)i. 
[0 049] 0. 5%m.m 
^«^<**4fig%i£^b:^ h 0 M.Tkmm'^mmbx 

0. 5«fi%?ga©a^ft?^?:fPSlL.. BMiffiSftCi: 



01 



r 2 5-CJii>'6 0 rpm (O^f^-C 5 ^kO^^m^kmrnU 

our- 8 3 > •;' > ^ ©liTiilji U /cf*. ®±fCJSri 

SI 
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S«^f*2. 0 g?r8 0/2 01?S%©T-fe h>/*ig 
^;^2 OmltCiJOX-T 1 6B#P^ii(JifeSL/rttto*^f -o 

[0 05 0] 









^2mm 


^3©g 




(lain) 






(Djn> 


(-C) 




(min) 




A 


2.8 


40 


46 
<45.3^^> 


28 


10 




80 


30 




A 


Z.8 


41 


50 
C50?^) 


28 


10 




BO 


30 




A 


2.8 


38 


40 

(39%) 


28 15 




80 


30 




A 


2.8 


40 


46 

(45. 3%) 


28 


90 


JSL 


ncu 






A 


2.8 


50 


(97!^) 


80 


30 




/XL 


fSL 




A 


2.8 


42 


70 
C72%) 


28 


10 




80 


30 




A 


2.8 


28 


25 
C22?^) 


28 


15 




80 


30 




A> 


2.8 


40 


46 
(45. 3%) 


28 


90 









[005 1] 



«305« [^2] 







(aPa • s) 


(ml) 


(wt%) 




A 


79 


UL 


0,12 




A 


B8 


U I 


0. 12 




A 


66 


L 


0. 11 




A 


76 


L 


0. 12 




A 


49 


110 


0. 13 




A 


57 


3 2 


0. u 




A 


32 


U L 


0. IJ 




A 


75 


rs L 


0.50 



(^5 ttdcA : DMC/r 'J JVT i K- 15/85* 
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[^3] 
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mm. 
















(oiD) 


(•C) 






iX) 




mm 

<iBin) 




B 


4.2 


43 


60 


28 


15 




80 


30 




B 


4.2 


60 


(98. 7%) 


BO 


30 









<&) iffl^B : OMC/T^y ^1/7 S 25/75 



[0 05 3] * * [^4] 







(mPa • s) 


(ml) 




nmm 5 


B 


65 


U L 


0. 09 




B 


43 


80 


0. 10 



[0 0 5 4] $5^20^ mS] 





1^^ 



















(Din) 


m 




(isin) 






(dId) 




C 


1,9 


82 


74 

(83. 6%) 


15 


10 




80 


30 




c 


l.Q 


100 




80 


30 









[0 0 55] ★ ★ me] 







0, 

CffiPa • s) 


(ml) 


(wt%) 


mmm 6 


c 


41 




0.05 


itf^m 6 


c 


22 


18 


0. 06 



[0 0 5 6] Aot^t^m^Rzj^m^mM»^i}^m s nfcs^<*€r?a*w 



F ^-AC##) 4301J. HA02 HB13 HB17 QM2 Q^03 
Q\05 0^06 0^34 0^35 Q\40 
SA79 UAOl VA02 WAIO 
4J100 AB02R AK08P AK08Q AL03R 
AL08P AL08Q AL09P AL09Q 
AM02R Aha4P AM14Q AM15P 
A^a5Q AM19P AM19Q BA03P 
BA03Q BA32P BA32Q BA56P ' 
BA56Q CA04 CA05 DA38 
3A18 



